response to liver injury, hepatic stellate cells (HSCs), also known as Ito cells or fat storing cells, become "activated" and are phenotypically modulated to resemble a proliferative "myofibroblast-like" phenotype. As such, these activated HSCs synthesize and secrete an excessive amount of ECM, which is deposited in hepatic interstitium leading to a frank fibrotic liver (Gressner 1996; Knittel et al. 1999; Shek and Benyon 2004) .
Among factors implicated in the induction and maintenance of matrix overproduction, transforming growth factor β1 (TGF-β1) occupies a central position, as it was seen also in glomerulosclerosis and pulmonary fibrosis (Clouthier et al. 1997; De Bleser et al. 1997; El-Gamel et al. 1999; Kanzler et al. 1999; Wang et al. 2005; Schmidt et al. 2006; Gauldie et al. 2007 ). This peptide growth factor can activate fibroblasts and HSCs, inhibit their apoptosis and force them to synthesize excess amount of matrix proteins such as fibronectin; collagen types I, III, and IV; tenascin; elastin; osteonectin; biglycan; and decorin (Kanzler et al. 1999) . Besides stimulating these cells to increase the synthesis of most matrix proteins, TGF-β1 also hinders the production of matrix-degrading proteases, and upregulates their inhibitors such as tissue inhibitor of metalloproteinase I and plasminogen activator inhibitor (Dudas et al. 2001) . Moreover, TGF-β1 modulates the expression of integrins in a manner that results in increased cellular adhesion to the matrix. These complex effects exerted on the extracellular matrix reflect the versatile biological potential of the growth factor. TGF-β1 binds to proteoglycans embedded in the hepatic extracellular matrix or bound to the cell surface. Such binding may act as a signal to terminate the production of TGF-β1 after tissue repair is complete (Border and Noble 1994) . The strategic role of TGF-β1 in fibrogenesis implies that inactivation of this growth factor could be an approach in the management of liver fibrosis. Indeed, blockade of TGF-β1 activity has proven to be an effective way of inhibiting the fibrotic response to injury in various organs (Shek and Benyon 2004) .
Effects of Decorin on TGF-β1 Action in Liver Fibrosis
Decorin, a small leucine-rich proteoglycan (SLRP; Iozzo 1999; Ameye and Young 2002; Schaefer and Iozzo 2008) can hinder the proliferation of cells that are dependent on TGF-β1 for their in vitro growth (Yamaguchi et al. 1990 ). This observation has been exploited in various in vivo models of experimental glomerulonephritis and nephrosclerosis, as well as in scar formation models (Isaka et al. 1996; Zhang et al. 2007 ). On the other hand, there was no conclusive information on the role of decorin in the fibrotic remodeling of the liver (Dudas et al. 2001) . Decorin, as a regulator of matrix assembly, not only targets TGF-β1, but it is also involved in the maturation of collagen fibrils (Weber et al. 1996; Danielson et al. 1997; Zhang et al. 2006) . Furthermore, decorin functions as a ligand for growth factor receptors modulating signals initiated on EGFR, IGF-IR, and Met receptors Csordas et al. 2000; Reed et al. 2002; Santra et al. 2002; Schonherr et al. 2005; Schaefer et al. 2007; Fiedler et al. 2008; Goldoni et al. 2009; Merline et al. 2009 ). A central question is whether decorin-evoked modulation of signal transduction is directly implicated in matrix production or is acting indirectly by controlling cell proliferation and decreasing the number of matrix-synthesizing cells.
Since the original discovery that decorin binds to this growth factor (Yamaguchi et al. 1990) , it has been shown that decorin-TGF-β1 interaction can interfere with TGF-β1 bioactivity, both in vitro and in vivo (Huijun et al. 2005; Zhang et al. 2007 ). Collectively, the results of the aforementioned studies underline the efficacy of decorin in inhibiting not only matrix deposition, but also migration of fibroblasts, trophoblasts, and differentiation of myocytes (Fischer et al. 2001; Droguett et al. 2006) . Using a cohort of liver pathologies including chronic hepatitis, fibrosis, and cirrhosis, it was previously discovered that high amounts of TGF-β1 colocalize with decorin within the fibrotic areas of the liver (Dudas et al. 2001 ). However, these findings could not distinguish between a decorinmediated inhibition of TGF-β1 action and a bystander effect. Indeed, in contrast to dermal fibroblasts (Kahari et al. 1991) , TGF-β1 upregulates decorin production in HSCs (Breitkopf et al. 2005) . Thus, enhanced deposition of decorin could reflect the stimulatory effect of overproduced TGF-β1, without necessarily exerting a protective role against fibrosis.
To circumvent these uncertainties, we compared the matrix production induced by thioacetamide (TA) in wildtype (Wt) and decorin-null (Dcn -/-) mouse livers. Moreover, to validate the events taking place on the liver tissue level, decorin was silenced in LX2 hepatic stellate cell line to determine the major biochemical changes (Baghy et al. 2011) . By comparing the fibrogenic response in Wt and decorin-deficient livers, we provide strong evidence for a role of decorin in protection against fibrogenesis. The degree of TA-induced matrix deposition was higher in the liver from Dcn -/mice; and this was observed as early as the first month of toxin exposure, lasting throughout the entire experimental period (Baghy et al. 2011 ; Fig. 1 ). This response correlated well with the enhancement of collagen I, III, and IV proteins in the decorin-deficient mice. Moreover the relative decrease in two major matrix metalloproteases, MMP-2 and MMP-9, and the concurrent increase in the hepatic levels of two major MMP inhibitors, TIMP-1 and PAI-1, indicated an impaired clearance of the deposited ECM (Baghy et al. 2011 ). An adenovirus-mediated direct stimulatory effect of decorin on metalloproteases has been previously described (Al Haj Zen et al. 2003; Dong et al. 2008 ). On the other hand, TIMP-1 as well as PAI-1 levels can also be stimulated by TGF-β1 (Kutz et al. 2001; Akool el et al. 2005 ). To answer whether the changes observed in our model relate to lack of decorin's effect on TGF-β1, gene expression of TGF-β1-inducible early response gene (TIEG), a downstream effector of TGF-β1 activity, was measured. The increase in TIEG indicates that the lack of decorin in experimental hepatic fibrosis enhances its expression, thereby validating the results obtained with liver tissue. Thus, decorin exerts its effect, at least in part, via inactivation of TGF-β1.
As a result of liver injury, HSCs undergo a process known as "activation," during which the quiescent cells transform into proliferative, fibrogenic, and contractile myofibroblasts. Hence, α-smooth muscle actin, which is highly expressed in myofibroblasts, is used as a cellular marker for TGF-β1-activated HSCs. As the effect of TGF-β1 on HSC activation is well known, we hypothesized that if decorin had to interfere with the growth factor's action, its lack would result in an increase in the number of activated HSCs. Indeed, decorin silencing caused increased activation of HSCs both in vivo and in vitro (Baghy et al. 2011 ; Fig. 2) .
To reveal the underlying cellular signaling, we measured the activation of Erk1/2 and Smad2/3 proteins, all known downstream effectors of the TGF-β1 signaling pathway (Fig. 3) . In our study, no significant difference in P-Smad2 between Wt and decorin-deficient animals with cirrhosis or between LX2 cells with normal or silenced decorin content was detected after TGF-β1 exposure (Baghy et al. 2011 ). On the other hand, significant difference was seen in the activation of Smad3 in Dcn -/livers after 4 months of fibrogenesis (Baghy et al. 2011 ). Silencing of decorin in immortalized HSCs resulted in Smad3 activation as well, further corroborating the effect of decorin (Baghy et al. 2011) . These data suggest that the signaling pathway causing this increased matrix production in Dcn -/animals and in LX2 cells might be related to the Smad pathway. Phosphorylation of Smad2/3 proteins in fibrotic diseases has been described many times previously (Border and Noble 1994; Massague 1998; Miyazono et al. 2000; Flanders 2004 ). Earlier, Shi and coworkers found a decrease of P-Smad2 level in LX2 stellate cells activated by TGF-β1 upon decorin treatment (Shi et al. 2006) . The prominent role of Smad3 is well demonstrated by the experiment showing that targeted disruption of Smad3 confers resistance to the development of dimethylnitrosamine-induced hepatic fibrosis in mice (Latella et al. 2009 ). Moreover, it is well documented that maximal expression of collagen type I in activated HSCs (i.e., the most fibrogenic cell type in liver) requires Smad3 rather than Smad2, both in vivo and in cultured cells (Schnabl et al. 2001) .
Activation of the Erk1/2 was also remarkably higher in Dcn -/mice during the fibrotic period (Baghy et al. 2011 ). In harmony with this result, several studies have reported the importance of non-Smad pathways of TGF-β signaling (Massague 1998; Pannu et al. 2007; Zhang 2009 ), which culminates in elevated collagen production, transdifferentiation of HSCs into myofibroblasts (Pannu et al. 2007) , and epithelial-mesenchymal transition (Zhang 2009 ). We do not know whether activation of Erk1/2 occurs through the TGFβ receptor or through crosstalk with different receptor tyrosine kinases. Notably, Erk1/2 is downstream of both EGFR and Met, and decorin is a known negative regulator of both these receptors. Thus, the lack of decorin might cause a protracted activation of one or both of these receptors, especially the Met receptor, which is highly expressed in hepatocytes (Fig. 3 ).
Conclusions
As liver cirrhosis is characterized by the deposition of decorin, its role in the matrix deposition has been enigmatic. Our experiments provide clear genetic and biochemical evidence supporting a key role for this proteoglycan and, perhaps, other SLRP members in attenuating TGF-β1 Figure 2 . Changes in α-smooth muscle actin (αSMA) in liver sections and in LX2 cells. In vivo: immunostaining of αSMA on sections of wild-type and decorin-null fibrotic livers. In vitro: immuncytochemistry of αSMA performed on cells transfected with scrambled small interfering RNA (siRNA) or with siRNA specific for decorin (siDcn) in the absence or presence of TGF-β1 for 48 hr. αSMA is shown as red, and nuclei are counterstained with DAPI. Scale bar = 100 µm for each picture. The changes in Erk1/2 upon the presence or absence of decorin can be an outcome of the crosstalk between several growth factor receptors, including TGF-β receptor, as well as EGFR, IGFR, or Met. bioactivity during hepatic fibrogenesis. However, we do not know yet whether collagen-bound decorin, deposited into the matrix, is as effective as soluble decorin. At the present stage of our understanding, we suggest that soluble decorin (i.e., decorin that is not engaged with collagen I) could represent an endogenous TGF-β1-blocker active compound against fibrosis. Furthermore, it is conceivable that not only the absolute amount of decorin but also the ratio of decorin to active TGF-β1 might be important. This implies that besides appreciating the role of decorin as a natural inhibitor of liver fibrogenesis, several questions need to be addressed until we can utilize it in the treatment of human cirrhosis. Finally, although inhibition of TGF-β1 activity appears to be well tolerated in rodents during several weeks, lethality of knockout animals warns us of the necessity of this cytokine for the normal functioning of our bodies.
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